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Abstract: This assessment provides key information on the impact of increased oil and gas
production in the Eagle Ford Shale region. Unlike the Haynesville and Barnett Shale
formations in northern Texas that primarily produce gas, the Eagle Ford Shale features high
oil yields and wet gas/condensate across much of the play. Consequently, equipment types,
processes, and activities in the Eagle Ford may differ from those employed in more traditional
shale formations. Production in the Eagle Ford emitted an estimated 66 tons of NOy and 101
tons of VOCs per ozone season day in 2011. For the 2012 photochemical model projection
year, emissions increased to 111 tons of NOyx and 229 tons of VOCs per ozone season day.
To estimate emissions for 2018, calculations were based on three potential levels of
development. NOy emissions increase slightly for the low development scenario in 2018 (113
tons per day). NOyx emissions also increase under the 2018 moderate scenario (146 tons per
day) and the high scenario (188 tons per day). By 2018, VOC emissions are expected to
increase significantly to 338 tons per ozone season day under the low development scenario
and to 872 tons per ozone season day under the high development scenario. The majority of
NOyx emissions in 2012 were emitted by drill rigs and well hydraulic pump engines (47%). By
2018, these sources are expected to account for only 9% of the NOx emissions as engines
are replaced with models that meet TIER4 standards. In contrast, compressors and mid-
stream sources only accounted for 39% of NOy emissions in 2012, but are expected to
increase to 77% of total NOy emissions under the 2018 moderate scenario because of the
significant increase in oil and gas production. The majority of VOC emissions in 2018 are
from storage tanks (47%) and loading loss (32%).
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EXECUTIVE SUMMARY

The compilation of the emissions inventory (EIl) requires extensive research and analysis,
providing a vast database of regional pollution sources and emission rates. By understanding
these varied sources that create ozone precursor pollutants, planners, political leaders, and
citizens can work together to protect heath and the environment. This assessment provides key
information on the impact of increased oil and gas production from the Eagle Ford Shale on the
regional emissions inventory. A partnership between the oil and gas industry and local officials
is critical for the successful development of an inventory of ozone precursor emissions. Local
officials continue to work closely with oil and gas companies, drilling contractors, engine
manufactures, industry representatives, and the Texas Center for Applied Technology (TCAT)
to collect improved local data, conduct surveys, and get industry input.

“The Eagle Ford Shale is a hydrocarbon producing formation of significant importance due to its
capability of producing both gas and more oil than other traditional shale plays. It contains a
much higher carbonate shale percentage, upwards to 70% in south Texas, and becomes
shallower and the shale content increases as it moves to the northwest.”* Hydraulic fracturing is
a technological advancement which allows producers to recover natural gas and oil resources
from these shale formations. Today, significant amounts of natural gas and oil from deep shale
formations across the United States are being produced through the use of horizontal drilling
and hydraulic fracturing.? Unlike the Haynesville and Barnett Shale formations in northern
Texas that primarily produce gas, the Eagle Ford Shale features high oil yields and wet
gas/condensate across much of the play. Consequently, equipment types, processes, and
activities in the Eagle Ford may differ from those employed in more traditional shale formations.

Existing oil and gas production inventories in Texas and data from the Railroad Commission of
Texas were used to develop the emissions inventory of the Eagle Ford. Whenever possible,
local data was used to calculate emissions and project future production. Counts of drill rigs
operating in the Eagle Ford and number of wells drilled are provided by Schlumberger.
Similarly, well characteristics and production amounts were collected from Schlumberger and
the Railroad Commission of Texas. Non-road equipment emissions were calculated using local
industry data, emission factors from ERG’s Statewide Drilling Rigs Emission Inventory,® TexN
model, equipment manufacturers, TCEQ, and the results from TCAT surveys. Compressor
engine emissions were based on TCEQ’s Barnett Shale Special Inventory.

There are three different types of wells in the Eagle Ford Shale development included in the
emission inventory: dry gas wells, wet gas wells that produce condensate, and oil wells that can
also produce casinghead gas. Hydrocarbons are released in the Eagle Ford Shale during five
main phases of well construction and production: exploration and pad construction, drilling
operation, hydraulic fracturing and completion operation, production, and midstream sources.
Emissions sources include drill rigs, compressors, pumps, heaters, other non-road equipment,
process emissions, flares, storage tanks, fugitive, and on-road.

! Railroad Commission of Texas, May 22, 2012. “Eagle Ford Information”. Austin, Texas. Available online:
Qttp://www.rrc.state.tx.us/eagleford/index.php. Accessed 05/30/2012.

Ibid.
% Eastern Research Group, Inc., August 15, 2011. “Development of Texas Statewide Drilling Rigs
Emission Inventories for the Years 1990, 1993, 1996, and 1999 through 2040”. TCEQ Contract No. 582-
11-99776. Austin, Texas. Available online:
http://www.tceq.texas.gov/assets/public/implementation/air/am/contracts/reports/ei/5821199776F Y1105-
20110815-ergi-drilling_rig_ei.pdf. Accessed 10/24/2013.



Production in the Eagle Ford emitted an estimated 66 tons of NOx and 101 tons of VOCs per
ozone season day in 2011. For the 2012 photochemical model projection year, emissions
increased to 111 tons of NOy and 229 tons of VOCs per ozone season day. To estimate
emissions for 2018, calculations were based on three potential levels of development. NOy
emissions increase slightly for the low development scenario in 2018 (113 tons per day). NOy
emissions also increase under the 2018 moderate scenario (146 tons per day) and the high
scenario (188 tons per day). By 2018, VOC emissions are expected to increase significantly to
338 tons per ozone season day under the low development scenario and to 872 tons per ozone
season day under the high development scenario.

Table ES-1: Emissions Summary from the Eagle Ford, 2011, 2012, 2015, and 2018.

Low Development Scenario BEEETD Devglopment High Development Scenario
Year Scenario

VOC NOy CcO VOC NOy CcO VOC NOy CcO
2011 101 66 50 101 66 50 101 66 50
2012 229 111 92 229 111 92 229 111 92
2015 347 108 113 417 121 130 512 140 154
2018 338 113 113 544 146 160 872 188 226

The majority of NOyx emissions in 2012 were emitted by drill rigs and well hydraulic pump
engines (47%). By 2018, these sources are expected to account for only 9% of the NOy
emissions as engines are replaced with models that meet TIER4 standards. In contrast,
compressors and mid-stream sources only accounted for 39% of NOx emissions in 2012, but
are expected to increase to 77% of total NOyx emissions under the 2018 moderate scenario
because of the significant increase in oil and gas production. The majority of VOC emissions in
2018 are from storage tanks (47%) and loading loss (32%). Other significant sources of VOC
emissions are midstream sources (7%), pneumatic devices (5%), and fugitives (4%).

Over 51% of the Eagle Ford NOyx emissions are produced in four counties: Webb, Dimmit,
Karnes, and La Salle. Eagle Ford operations in Webb County emitted 15.7 tons of NOy per
ozone season day, while operations in Dimmit emitted 14.6 tons, operations in Karnes emitted
14.2 tons, and operations in La Salle emitted 12.8 tons in 2012. Under the 2018 moderate
development scenario, oil and natural gas operations are projected to emit, on an ozone
season day, 26.4 tons of NOy in Webb County , 17.9 tons of NOy in Dimmit , 16.8 tons of NOy
in La Salle, , and 15.1 tons of NOy in Karnes. A similar pattern occurs with VOC emissions
under the 2018 moderate scenario in which ozone season daily emissions are expected to be:
84.6 tons in Webb County 71.5 tons in Dimmit , 66.1 tons in La Salle emitted, and 64.8 tons in
Karnes. Emissions for each county were geo-coded based on the locations of wells and well
types in each county.

Several improvements to the Eagle Ford emission inventory were not completed in time for this
emission inventory. The updates for future Eagle Ford emission inventories can include: drill rig
and hydraulic pump survey, projection of mid-stream sources, stack parameters of mid stream
sources, TCEQ’s pneumatic survey, TxDOT on-road traffic counts, Barnett shale special
inventory final results, updated spatial allocation of emissions, and construction of mid-stream
facilities and pipelines.
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1 BACKGROUND

“The Eagle Ford Shale is a hydrocarbon producing formation of significant importance due
to its capability of producing both gas and more oil than other traditional shale plays. It
contains a much higher carbonate shale percentage, upwards to 70% in south Texas, and
becomes shallower and the shale content increases as it moves to the northwest. The high
percentage of carbonate makes it more brittle and ‘fracable’.” Hydraulic fracturing is a
technological advancement which allows producers to recover natural gas and oil resources
from these shale formations. “Experts have known for years that natural gas and oil
deposits existed in deep shale formations, but until recently the vast quantities of natural gas
and oil in these formations were not able to be technically or economically recoverable.”
Today, significant amounts of natural gas and oil from deep shale formations across the
United States are being produced through the use of horizontal drilling and hydraulic
fracturing.®

Hydraulic fracturing is the process of creating fissures, or fractures, in underground
formations to allow natural gas and oil to flow up the wellbore to a pipeline or tank battery.

In the Eagle Ford Shale, product is extracted by pumping “water, sand and other additives
under high pressure into the formation to create fractures. The fluid is approximately 98%
water and sand, along with a small amount of special-purpose additives. The newly created
fractures are “propped” open by the sand, which allows the natural gas and oil to flow into
the wellbore and be collected at the surface. Variables such as surrounding rock formations
and thickness of the targeted shale formation are studied by scientists before fracking is
conducted.”’

Locations of the Eagle Ford and other shale plays in the lower 48 states are provided in
Figure 1-1.% Unlike the Haynesville and Barnett Shale formations in northern Texas that
primarily produce gas, the Eagle Ford Shale features high oil yields and wet gas/condensate
across much of the play. Consequently, equipment types, processes, and activities in the
Eagle Ford may differ from those employed in more traditional shale formations. Emission
processes addressed in the inventory include exploration and pad construction, drilling,
hydraulic fracturing and completion operations, production, and midstream facilities.
Emissions sources can include drill rigs, compressors, pumps, heaters, other non-road
equipment, process emissions, flares, storage tanks, and fugitive emissions.

Existing oil and gas production inventories in Texas and data from the Railroad Commission
of Texas were used to develop an emissions inventory of the Eagle Ford. These studies
include: Eastern Research Group’s (ERG) “Characterization of Oil and Gas Production
Equipment and Develop a Methodology to Estimate Statewide Emissions”, ERG’s Drilling
Rig Emission Inventory for the State of Texas, and ENVIRON'’s "An Emission Inventory for
Natural Gas Development in the Haynesville Shale and Evaluation of Ozone Impacts.”

* Railroad Commission of Texas, May 22, 2012. “Eagle Ford Information”. Austin, Texas. Available
online: http://www.rrc.state.tx.us/eagleford/index.php. Accessed 05/30/2012.
° Chesapeake Energy, Sept. 2011. “Eagle Ford Shale Hydraulic Fracturing”. Available online:
http://www.chk.com/Media/Educational-Library/Fact-
6Sheets/EagIeFord/EagIeFord_HydrauIic_Fracturing_Fact_Sheet.pdf. Accessed: 04/12/2012.

Ibid.
7 Ibid.
® Energy Information Administration (EIA), May 9, 2011. “Maps: Exploration, Resources, Reserves,
and Production”. Available online:
ftp://www.eia.doe.gov/pub/oil_gas/natural_gas/analysis_publications/maps/maps.htm. Accessed
06/04/2012.
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TCEQ conducted a mail survey through the Barnett Shale area special inventory phase two
study on natural gas fracturing operations west of Dallas. Results from the Barnett Shale
study were also used to calculate production and midstream emissions. Through this
process, local officials worked with oil and gas companies, drilling contractors, engine
manufactures, and industry representatives to refine data inputs and the emission inventory.

R

Figure 1-1: Lower 48 States Shale Plays
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1.1 Purpose

The Clean Air Act (CAA) is the comprehensive federal law that regulates airborne emissions
across the United States.® This law authorizes the U.S. Environmental Protection Agency
(EPA) to establish National Ambient Air Quality Standards (NAAQS) to protect public health
and the environment. Of the many air pollutants commonly found throughout the country,
EPA has recognized six “criteria” pollutants that can injure health, harm the environment,
and/or cause property damage. Air quality monitors measure concentrations of these
pollutants throughout the country. Although the San Antonio area has recorded ozone
concentrations in violation of the 2008 ozone standard since August 2012, the timing of the
violations was late enough in the NAAQS review cycle that the area was not included in
EPA’s designation process and the region avoided a non-attainment designation.

Ozone is produced when volatile organic compounds (VOC) and nitrogen oxides (NOy)
react in the presence of sunlight, especially during the summer time.”® These ozone

‘us Congress, 1990. “Clean Air Act”. Available online: http://www.epa.gov/air/caa/. Accessed:
07/19/2010.

10 EPA, Sept. 23, 2011, “Ground-level Ozone”. Available online:
http://www.epa.gov/air/ozonepollution/. Accessed: 10/31/2011.
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precursors can be generated by natural processes, but the majority of chemicals that form
ground-level ozone originate from anthropogenic sources.

According to the EPA, “the health effects associated with ozone exposure include
respiratory health problems ranging from decreased lung function and aggravated asthma to
increased emergency department visits, hospital admissions and premature death. The
environmental effects associated with seasonal exposure to ground-level ozone include
adverse effects on sensitive vegetation, forests, and ecosystems.”* Currently, the ozone
primary standard, which is designed to protect human health, is set at 75 parts per billion
(ppb). The secondary standard, which is designed to protect the environment, is in the
same form and concentration as the primary standard.

To conduct analysis that determines the emission reductions required to bring the area into
compliance with the standards, local and state air quality planners need an accurate
temporal and spatial account of emissions and their sources in the region. The compilation
of the Eagle Ford emissions inventory (El) required extensive research and analysis, and
provided a vast database of regional pollution sources and emission rates. By
understanding these varied sources that create ozone precursor pollutants, planners,
political leaders, and citizens can work together to protect heath and the environment. This
assessment provides key information on the impact of increased oil and gas production in
the Eagle Ford Shale.

1.2 Inventory Pollutants
Ozone is a secondary pollutant because it forms as the result of chemical reactions between
other pollutants, namely:

* Nitrogen oxides (NOy)

* Volatile organic compounds (VOC)

e Carbon monoxide (CO)
Emissions were calculated for average ozone season day and aggregated to develop
county totals. After the emission inventory was completed and reviewed, emissions were
geo-coded to the 4km grid system used in the June 2006 region photochemical model.
Photochemical modeling used to predict a region’s ability to comply with the NAAQS
depends, to a large degree, on accurately identifying and quantifying emission rates from
these pollutants.

1.3 Base Year and Geographical Area Covered

The Eagle Ford ozone precursor emission inventory includes the 25 counties listed below
for the years 2011, 2012, 2015, and 2018. All 25 counties are currently in attainment of all
air quality regulatory standards. Any emissions directly or indirectly associated with Eagle
Ford production outside of these counties are not included in the emission inventory.

"EPA, September 16, 2009. “Fact Sheet: EPA to Reconsider Ozone Pollution Standards”, p. 1.
Available online:

http://www.epa.gov/air/ozonepollution/pdfs/O3_Reconsideration_ FACT%20SHEET_091609.pdf.
Accessed: 06/28/2010.
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Atascosa (48013)
Bee (48025)
Brazos (48041)
Burleson (48051)
De Witt (48123)
Dimmit (48127)
Fayette (48149)
Frio (48163)
Gonzales (48177)

e & o & & o o & 0@

Grimes (48185)
Houston (48225)
Karnes (48255)
La Salle (48283)
Lavaca (48285)
Lee (48287)

Leon (48289

Live Oak (48297)
Maverick (48323)

e & o & & o o & 0@

McMullen (48311)
Madison (48313)
Milam (48331)
Washington (48477)
Webb (48479)
Wilson (48493)
Zavala (48507)

e & o & & & o

The core area of Eagle Ford production is located in Karnes County with sections of the
core area in Dewitt, Gonzales, Atascosa, and Live Oak counties (Figure 1-2). This area of
the Eagle Ford contains the most intensive development, and potential for future growth.
Eagle Ford counties and the location of permitted wells are provided in Figure 1-3. Oil wells
on schedule are marked in green, gas wells on schedule are marked in red, and permits are
highlighted in blue. Most of the wells are concentrated in the core area. There are also a
significant number of wells in the southwest section of the Eagle Ford, while there are very
few wells in the northern counties of the Eagle Ford.

Figure 1-2: Eagle Ford Shale Hydrocarbon Map™?
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'2 Aurora Oil & Gas Limited. “Production Results”. Available online:
http://www.auroraoag.com.au/irm/content/projects_productionresults.html. Accessed: 04/15/2012.
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Figure 1-3: Locations of Permitted and Completed Wells in the Eagle Ford Shale Play*?
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There are over 200 oil and gas companies operating in the Eagle Ford counties.’* Some of
the companies that are operating in the Eagle Ford are listed below.*

e Abraxas Petroleum
e Acock Operating

e Alamo Operating Co.
e Ampak Oil Co.

e Anadarko Petroleum
e Apache

e Enervest

¢ EOG Resources

e Escondido Resources
e Espada Operating

e Express Oil

e ExxonMobil

Redwood Operating
Regency Energy
Riley Exploration

Rio Grand Exploration
Rio Tex, Inc.

Rock Solid Operating

e & & o o o

'¥ Railroad Commission of Texas, October 1, 2013. “Wells Permitted and Completed in the Eagle
Ford Shale Play”. Austin, Texas. Available online:
http://www.rrc.state.tx.us/eagleford/images/EagleFordShalePlay100113-Ig.jpg. Accessed:

10/22/2013.

1% David Fessler, Nov. 11, 2011, “The Bakken isn't the Only Big Shale Oil Play”. Peak Energy
Strategist. Available online: http://peakenergystrategist.com/archives/tag/eog-resources/. Accessed:

05/30/2012.

1o Eagle Ford Shale News, NarketPlace, Jobs, May 30", 2012. “Eagle Ford Shale Counties”.
Available online: http://www.eaglefordshale.com/counties/. Accessed: 05/30/2012.
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e Aurora Resources

o AWP Operating

e Bayshore Energy

¢ Big Shell Oil & Gas

¢ Blackbrush Oil & Gas

¢ Blue Star Operating

e Botasch Operating

» Broad Oak Energy

¢ Buffco Production

e Cabot Oil & Gas

e Carrizo Oil & Gas

» Caskids Operating

e Chaparral Energy

¢ Chesapeake Energy

e Chevron

e Cheyenne Petroleum

¢ Cinco Natural Resources
e Civron Petroleum

e CML Exploration

¢ CMR Energy

e Comstock Oil & Gas

e ConocoPhillips

e Continental Operating

e Cornerstone

e Crimson Exploration

e Dan A. Hughes Company
e David H Arrington Oil & Gas
e Dawsey Operating

¢ Delta Exploration

¢ Denali Oil & Gas

e Devon E&P Company

e Dewbre Petroleum

e Edwin S. Nichols Exploration
e EF Energy

e El Paso Corporation

e Encana

e Enduring Resources

¢ First Rock, Inc.

e Forest Oll

* Genesis Gas & Oll

e Geosouthern Energy

e Goodrich Petroleum

e Hidalgo E&P

e Holley Qil

* Hunt Ol

e Jack L. Phillips Company
¢ Jadela Oil Operating

¢ JB Oil & Gas

o Kaler Energy

» Killam Oil

e Lama Energy

e Laredo Energy

¢ Leexus OIl

¢ Legend Natural Resources
e Lewis Petroleum

e Lime Rock Resources

e LMP Petroleum

e Lucas Energy

e Marathon Oil

e Matador Resources

e McDay Energy

e McMinn Operating

e Milagro Exploration

e Murphy Oill

* Newfield Exploration

e Orca Operating

e Paloma Resources

e Peregrine Petroleum

e Petroquest Energy

* Pioneer Natural Resources
e Premier Energy

e Property Development Group
e Red Arrow Energy

¢ Redemption Oil & Gas

1.4 Modeling Domain Parameters
Development of input files and spatial surrogates for photochemical model emissions
processing is based on a grid system consistent with EPA’s Regional Planning
Organizations (RPO) Lambert Conformal Conic map projection with the following

e & & & & & & & & & & o & & & & & & 0600 ° e 00800

Rosetta Resources

Sabco Operating

Sabinal Resources

Sage Energy

San Isidro Development
Sanchez Oil & Gas
Magnum Hunter Resources
Shell Western E&P (Shell)
Sien Operating

St. Mary Land & Exploration
South Oil

Southern Bay Operating
Spartan Operating
Stephens Production
Stonegate Production
Strand Energy

Suemaur Exploration & Prod.
Swift Energy

Talisman Energy

T-C Oil Company

Terra Ferma Operating
Texas American Resources
Texas International Operating
Tidal Petroleum

Union Gas

US Enercorp

Virtex Operating Co.

Wapiti Operating

WCS Oil & Gas Corporation
Weber Energy

Welder Exploration & Prod.
Whiting Oil & Gas

Winn Exploration
Wynn-Crosby Operating
XTO Energy

ZaZa Energy

parameters:
e First True Latitude (Alpha): 33°N
e Second True Latitude (Beta): 45°N
e Central Longitude (Gamma): 97°W
e Projection Origin: (97°W, 40°N)
e Spheroid: Perfect Sphere, Radius: 6,370 km
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All future TCEQ photochemical model emissions processing work, including the Eagle Ford
emission inventory, will be based on the grid system listed above.

1.5 South Texas Geology and Hydrocarbon Horizons

Halliburton states that “despite its geographic abundance and enormous production
potential, gas shale presents a number of challenges — starting with the lack of an agreed-
upon definition of what, exactly, comprises shale. Shale makes up more than half the
earth’s sedimentary rock but includes a wide variety of vastly differing formations.”*® Within
the oil and gas industry, “the generally homogenous, fine-grained rock can be defined in
terms of its geology, geochemistry, geo-mechanics and production mechanism — all of which
differ from a conventional reservoir, and can differ from shale to shale, and even within the
same shale.””’ “All shale is characterized by low permeability, and in all gas-producing
shales, organic carbon in the shale is the source. Many have substantial gas stored in the
free state, with additional gas storage capacity in intergranular porosity and/or fractures.
Other gas shales grade into tight sands, and many tight sands have gas stored in the
adsorbed state.”*®

“The Eagle Ford is a geological formation directly beneath the Austin Chalk Shale. It is
considered to be the ‘source rock,’ or the original source of hydrocarbons that are contained
in the Austin Chalk above it.”*° Figure 1-4 diagrams the horizons that contains natural gas
and oil in south east Texas including the Eagle Ford.?° “Producers drilled through the play
for many years targeting the Edwards Limestone formation along the Edwards Reef Trend.
It was not until the discovery of several other shale plays that operators began testing the
true potential of the Eagle Ford Shale.”® “The shale is more of a carbonate than a shale,
but ‘shale’ is the hot term of the day. The formation’s carbonate content can be as high as
70%. The play is more shallow and the shale content increases in the northwest portions of
the play. The high carbonate content and subsequently lower clay content make the Eagle
Ford more brittle and easier to stimulate through hydraulic fracturing or fracking.”?*

The Eagle Ford shale “is 50 miles wide and 400 miles long. It is best identified in three parts,
or windows, that also run from the northeast to southwest. To the southeast is the gas
window, and as the name suggests this play is mainly natural gas. It is also the deepest
part of the play reaching depths of 14,000 feet. The northwestern section is referred to as
the oil window. This section produces mostly oil and is very shallow. The Eagle Ford is
being drilled at depths around 4,000 feet. Sandwiched between the oil and gas windows is
the Condensate or ‘wet gas’ window. The Condensate window is much like the other two

windows, except it produces a lot of wet and rich gas”.?®

'® Halliburton. “U.S. Shale Gas: An Unconventional Resource. Unconventional Challenges”. Available
online: http://www.halliburton.com/public/solutions/contents/Shale/related_docs/H063771.pdf.
Accessed: 04/20/2012.
17 Ibid.
18 Ibid.
19 Eagle Ford Shale Now (EFSN), Nov. 1, 2011. “Eagle Ford Shale Overview”. Available online:
http://shalegasnow.com/eagle-ford-shale. Accessed: 05/31/2012.
° David Michael Cohen, Managing Editor, June 2011. “Eagle Ford Texas’ Dark-Horse Resource Play
Picks up Speed”. World Qil. Vol 232, No. 6. Available online: http://www.worldoil.com/June-2011-
Eagle-Ford-Texas-dark-horse-resource-play-picks-up-speed.html. Accessed: 04/20/2012.
L Eagle Ford Shale News, MarketPlace, Jobs, May 31%, 2012. “Eagle Ford Shale Geology”. Available
SZnILnS: http://www.eaglefordshale.com/geology/. Accessed: 05/31/2012.

Ibid.
% Michael Filloon, March 19, 2012. “Bakken Update: Well Spacing Defined, Production Outlined”.
Available online: http://seekingalpha.com/article/442981-bakken-update-well-spacing-defined-
production-outlined. Accessed 05/20/2012.
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Figure 1-4: Horizons that Contain Natural Gas and Oil in South East Texas

-
G35 and of
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“The high liquids content in the central portion of the Eagle Ford shale is economic. Much of
these liquids are natural gas condensate, which is low density mixture of hydrocarbon
liquids found in many natural gas fields. This condenses from raw natural gas when the
temperature is reduced below the hydrocarbon dew point temperature of the raw gas. It
should be noted natural gas wells can produce condensate as a byproduct, but condensate
wells produce raw natural gas along with natural gas liquids. The condensing of natural gas
increases its energy density and increasing its value. Liquefied natural gas can be
transported via pipeline, or by ship all over the world.”** Other formations in south east
Texas are being hydraulically fractured to produce natural gas including the Austin Chalk
and Pearsall formations.

1.6 Types of Operations in the Eagle Ford
The inventory developed for the Eagle Ford Shale includes emissions from the construction
and operation of three different types of wells.

1. Dry gas wells

2. Wet gas wells that produce condensate

3. Oil wells that can also produce casinghead gas

Hydrocarbons are produced in the Eagle Ford during five main phases that of activity.
¢ Exploration and Pad Construction: During exploration, vibrator trucks produce sound
waves beneath the surface to help determine subsurface geologic features.
Construction of the drill pad requires clearing, grubbing, and grading, followed by
placement of a base material by construction equipment and trucks. Reserve pits
are also usually required at each well pad because the drilling and hydraulic
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fracturing process uses a large volume of fluid that is circulated through the well
and back to the surface.

e Drilling Operation: “Drilling of a new well is typically a two to three week process from
start to finish and involves several large diesel-fueled generators.””® Other
emission sources related to drilling operations include construction equipment and
trucks to haul supplies, equipment, fluids, and employees.

e Hydraulic Fracturing and Completion Operation: As shown in Figure 1-5, hydraulic
fracturing “is the high pressure injection of water mixed with sand and a variety of
chemical additives into the well to fracture the shale and stimulate natural gas
production from the well. Fracking operations can last for several weeks and
involve many large diesel-fueled generators”® “Once drilling and other well
construction activities are finished, a well must be completed in order to begin
producing. The completion process requires venting of the well for a sustained
period of time to remove mud and other solid debris in the well, to remove any inert
gas used to stimulate the well (such as CO, and/or N,) and to bring the gas
composition to pipeline grade”.”” In the Eagle Ford, gas vented during the
completion process is usually flared.

e Production: Once the product is collected from the well, emissions can be released at
well sites from compressors, flares, heaters, and pneumatic devices. There can
also be significant emissions from equipment leaks, storage tanks, and loading
operations fugitives. Trucks are often used to transport product to processing
facilities and refineries.

e Midstream Sources: Midstream sources in the Eagle Ford consist mostly of
compressor stations and processing facilities, but other facilities can include
cryogenic plants, saltwater disposal facilities, tank batteries, and other facilities.
“The most significant emissions from compressors stations are usually from
combustion at the compressor engines or turbines. Other emissions sources may
include equipment leaks, storage tanks, glycol dehydrators, flares, and condensate
and/or wastewater loading. Processing facilities generally remove impurities from
the natural gas, such as carbon dioxide, water, and hydrogen sulfide. These
facilities may also be designed to remove ethane, propane, and butane fractions
from the natural gas for downstream marketing. Processing facilities are usually
the largest emitting natural gas-related point sources including multiple emission
sources such as, but not limited to equipment leaks, storage tanks, separator
vents, glycol dehydrators, flares, condensate and wastewater loading,
compressors, amine treatment and sulfur recovery units.”?®

» University of Arkansas and Argonne National Laboratory. “Fayetteville Shale Natural Gas:
Reducing Environmental Impacts: Site Preparation”. Available online:
pﬁttp://lingo.cast.uark.edu/LINGOPUBLIC/natgas/siteprep/index.htm. Accessed: 04/20/2012.

Ibid.
" Amnon Bar-llan, Rajashi Parikh, John Grant, Tejas Shah, Alison K. Pollack, ENVIRON International
Corporation. Nov. 13, 2008. “Recommendations for Improvements to the CENRAP States’ Oil and
Gas Emissions Inventories”. Novato, CA. p. 48. Available online:
http://www.wrapair.org/forums/ogwg/documents/2008-11_CENRAP_O&G_Report_11-13.pdf.
Accessed: 04/30/2012.
8 Eastern Research Group Inc. July 13, 2011. “Fort Worth Natural Gas Air Quality Study Final
Report”. Prepared for: City of Fort Worth, Fort Worth, Texas. p. 3-2. Available online:
http://fortworthtexas.gov/gaswells/?id=87074. Accessed: 04/09/2012.
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Figure 1-5: Typical Hydraulic Fracturing Operation®

Roughly 200 tanker A pumper truck injects a Natural gas flows out of well. =
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the fracturing process. chemicals intothe well. i Recovered water is stored in open gt:kr:ga ga:l:.lar;legtas is piped
{7 pits, then taken to a treatment .

i plant.
i i~

Graphic by Al Granberg

Below is a list of emission sources for each phase of operation. Emission sources include
non-road equipment, generators, drill rigs, on-road vehicles, compressors, fugitive
emissions, and flare combustion. However, actual equipment used in the Eagle Ford for
drilling, hydraulic fracturing, and production varies by company. Table 1-1 shows the
assignment of SCC codes for each emission source listed below.

% Journalism in the Public Interest, 2011. “What is Hydraulic Fracturing?". Propublica. Available
online: http://www.propublica.org/special/hydraulic-fracturing-national. Accessed: 04/28/2012.
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Phase

Exploration and Pad
Construction

Drilling Operation =<

Hydraulic Fracturing an_d<
Completion Operation

Production <

Mid-Stream Sources

Emission Sources

e Seismic Trucks

¢ Non-Road Equipment used for Pad Construction
e Heavy Duty Trucks

¢ Light Duty Trucks

e Electric Drill Rigs

¢ Mechanical Drill Rigs

e Other Non-Road Equipment used during drilling
e Heavy Duty Trucks

¢ Light Duty Trucks

e Pump Trucks

e Other Non-Road Equipment used during Hydraulic Fracturing
e Heavy Duty Trucks

e Light Duty Trucks

e Completion Venting

e Completion Flares

¢ Wellhead Compressors

e Heaters

¢ Flares

e Dehydrators Flash Vessels and Regenerator Vents
e Storage Tanks

o Fugitives (Leaks)

¢ Loading Fugitives

¢ Well Blowdowns

e Pneumatic Devices

e Heavy Duty Trucks

e Light Duty Trucks

e Compressor Station

¢ Production Facilities

e Other Mid-Stream Sources

Table 1-1: Assignment of SCCs to Eagle Ford Oil and Gas Sources

Phase Source SCC

Diesel Seismic Trucks 2270002051
Diesel Dozer 2270002069
Diesel Excavator 2270002018
Diesel Scraper 2270002036
Diesel Grader 2270002048

Exploration and Pad Diesel Tractors 2270002066

Construction Diesel Loader 2270002060
Diesel Roller 2270002015
Heavy Duty Trucks Exhaust MVDSCS21RX
Heavy Duty Trucks Idling MVDSCLOFIX
Light Duty Trucks Exhaust MVDSLC21RX
Light Duty Trucks Idling MVDSLC21RX
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Phase Source SCC
Diesel Mechanical Drill Rigs 2270002033
Diesel Electric Drill Rigs 2270006005
Diesel Cranes 2270002045
Diesel Pumps 2270006010
Drilling Operation Diesel Excavators 2270002036
Heavy Duty Trucks Exhaust MVDSCS21RX
Heavy Duty Trucks Idling MVDSCLOFIX
Light Duty Trucks Exhaust MVDSLC21RX
Light Duty Trucks Idling MVDSLC21RX
Diesel Pump Engines 2270006005
Diesel Cranes 2270002045
Diesel Backhoe 2270002066
Diesel Bulldozer 2270002069
Diesel Forklift 2270003020
Diesel Generator Sets 2270006005
Diesel Water Pumps 2270006010
Hydraulic Fracturing and | Diesel Blender Truck 2270010010
Completion Operation Diesel Sand Kings 2270010010
Diesel Blow Out Control Systems 2270010010
Heavy Duty Trucks Exhaust MVDSCS21RX
Heavy Duty Trucks Idling MVDSCLOFIX
Light Duty Trucks Exhaust MVDSLC21RX
Light Duty Trucks Idling MVDSLC21RX
Completion Flares — Oil Wells 2310021600
Completion Flares — Natural Gas Wells 2310010700
Natural Gas, Lean - 2 Cycle Compressors 20200252
Natural Gas, Lean - 4 Cycle Compressors 20200251
Natural Gas, Rich - 2 Cycle Compressors 20200251
Natural Gas, Rich - 4 Cycle Compressors 20200253
Diesel Compressors 2265006015
Wellhead Heaters 2310011100
Flares - Natural Gas Wells 31000204
Flares - Oil Wells 31000160
Wellhead Dehydrators - Natural Gas Wells 2310021400
Wellhead Dehydrators - Oil Wells 2310021400
Condensate Tanks 2310011010
Production Oil Tanks 2310011020
Fugitives - Natural Gas Wells 2310021501
Fugitives - Oil Wells 2310011501
Loading Loss - Condensate 2310011201
Loading Loss - Qil 2310011202
Blowdowns - Gas Wells 2310021600
Blowdowns - Oil Wells 2310010700
Pneumatic Devices 2310020700
Heavy Duty Trucks Exhaust MVDSCS21RX
Heavy Duty Trucks Idling MVDSCLOFIX
Light Duty Trucks Exhaust MVDSLC21RX
Light Duty Trucks Idling MVDSLC21RX

TCEQ’s point source database was checked to avoid double counting emissions from mid-

stream sources or large wellhead compressor facilities. AACOG’s Eagle Ford emissions
inventory also omits some infrequent, ancillary, and indirect sources. Non-routine

emissions, such as those generated during upsets or from maintenance, startup, and
shutdown activities, were excluded from the emission inventory, with the exception of
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blowdowns from gas wells. The emission inventory does not include construction of mid-
stream facilities, building offices, quarrying of fracturing sands, pipeline construction, etc.
Generators and other equipment at camp houses and offices used by oil field workers are
not part of the emission inventory. Emission sources outside of the Eagle Ford shale region
that are directly or indirectly affected by the shale development are not included. The
emission inventory does not include trucks that bring supplies to mid stream sources, worker
camps, and other facilities not located at the well head. Emissions from the production of
cement, steel pipes, and other non-recycled material are not included in the emission
inventory.

The emission inventory excludes emissions from railroad activity related to Eagle Ford
development. Railroads carry fracturing sands, pipelines, petroleum products, equipment,
building materials, and other supplies to production sites in the Eagle Ford. During the first
guarter of 2012, “UP’s petroleum-products loadings increased 63 percent”. “The industry
also expects additional growth in industrial products and chemical shipments for the rest of
this year and into 2013.”*° “BNSF is investing heavily in southwest Bexar County, with
intentions to construct a rail yard or a larger shipping facility. Union Pacific, encouraged by
the thriving Eagle Ford petroleum find, has hired an additional 300 people in the area,
increasing their south Texas workforce to 1,400. The company also reactivated the South
Side Rail Yard, which had been idled due to lack of activity. Union Pacific invested $100
million in an intermodal transportation terminal in San Antonio that can switch cargo
containers from trains onto tractor-trailers fanning out from the terminal. Additionally, the
Port of San Antonio, which operates a rail yard that connects both Union Pacific and BNSF
lines, experienced a 53 percent increase in traffic in 2011. More than half of the current rail
activity at the privatized air base is now related to Eagle Ford activity.”**

1.7 Eagle Ford Emissions Inventory Group Workshop

1.7.1 May 21st, 2012 Meeting
A partnership between the oil and gas industry and local officials is critical for the successful
development of an ozone precursor emissions inventory. Local officials continue to work
closely with local oil and gas industry, equipment manufacturers, and the Texas Center for
Applied Technology (TCAT) to collect improved local data, conduct surveys, and get
industry input. The kick-off workshop for this effort occurred on May 21, 2012 and the
industries that were represented at the meeting included:

' Texas Oil & Gas Association ' Marathon Oil Company

' Shell Exploration & Production Co. ' Texas Center for Applied Technology
' EOG Resources, Inc. ' Energy Transfer

' Pioneer Natural Resources ' ConoccoPhillips

' Plains Exploration & Production Company ' Carrizo Oil & Gas, Inc.
' Chesapeake Energy Corporation

The workshop was attended by technical specialists in all phases of exploration, production,
and distribution of natural resources in the Eagle Ford. The purpose of this effort was to
begin the process of developing an accurate emissions inventory of ozone precursors
produced by oil and gas activities in the Eagle Ford. The industry was provided an overview

% Sanford Nowlin, San Antonio Business Journal, April 27, 2012. “San Antonio is emerging as vital
rail junction for Eagle Ford Shale”. San Antonio, Texas. Available online:
http://www.bizjournals.com/sanantonio/print-edition/2012/04/27/san-antonio-is-emerging-as-vital-
rail.html. Accessed 05/01/2012.

% GoRail. “Railroads Continue Hiring to Meet Eagle Ford Shale Demand”. Available online:
http://gorail.org/community/freight-rail-helps-franklin-county-load-up-on-jobs/. Accessed 10/29/2013.
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of the region’s regulatory ozone challenge, the purpose of the AIR Committees, AACOG’s
ozone technical analysis and photochemical modeling responsibilities, and the contractual
basis for the Eagle Ford Shale emission inventory. An overview of the current draft
emission inventory protocol was provided to industry representatives.

Local industry representatives recommended surveying targeted companies for each phase
of the operation. Each survey focused on a specific aspect of the operations, such as
drilling or hydraulic fracturing operations. Draft surveys were reviewed by industry
representatives for accuracy and comprehensiveness.

The Eagle Ford group suggested collecting data for a variety of activities including fuel
usage or activity data, gate logs of trucks entering production sites, schedules of truck
deliveries, and logs of fuel and water carried by each truck. Industry was also interested in
checking to see if data collected for EPA’s Climate Change Regulatory Initiatives Subpart
W32 could be useful for the ozone precursor emission inventory.

Recommendations put forth in the meeting by industry included using Wyoming* and
Pennsylvania® surveys of oil and gas operations as templates for conducting surveys in the
Eagle Ford. Collecting location data of operations and comparing different fields in the
Eagle Ford was another recommendation of industry representatives. As discussed during
the meeting, there was a recommendation for a strong data validation process when
conducting the emission inventory. As part of this process, Texas Oil and Gas Association
(TXOGA)* could be used as a “data aggregator” to work proprietary data into a public
format. AACOG involved the industry in all aspects of the emission inventory development.

1.7.2 January 8, 2013 Meeting
The second meeting of the Eagle Ford Emissions Inventory Group occurred on January 8,
2013. Topics at the meeting included a review of ozone values for San Antonio, draft
estimations of the Eagle Ford Shale inventory, status of the June 2006 photochemical
modeling episode, and the results from other oil and gas studies. Oil and gas industry
representatives recommended looking at performance test engine data for large oil and gas
emission sources. Oil and gas companies have to report this data for larger engines to
TCEQ. For pneumatic devices, industry representatives recommended using the results
from TCEQ'’s statewide pneumatic devices survey. A review of state and federal
regulations, and potential control measures were presented at the end of the meeting.

Initial draft survey forms for drill rigs and well pad hydraulic pump engines were presented to
the oil and gas industry representatives. Several oil and gas industry trade groups offered
to distribute the survey to members to help increase response rates. Industry
recommendations for the survey letter included adding to the survey the model year, total

% U.S. Environmental Protection Agency, May 21, 2012. “Climate Change Regulatory Initiatives
Subpart W — Petroleum and Natural Gas Systems”. Available online:
http://www.epa.gov/climatechange/emissions/subpart/w.html. Accessed 06/04/2012.

% Wyoming Department of Environmental Quality. “Oil and Gas Production Site Emission Inventory
Forms”. Available online:
http://deq.state.wy.us/aqd/Oil%20and%20Gas%20Production%20Site%20Emission%20Inventory%?2
OForms.asp. Accessed 06/04/2012.

% Pennsylvania Department of Environmental Protection. “DEP to Gather Air Emissions Data about
Natural Gas Operations”. Available online:
http://www.dep.state.pa.us/dep/deputate/airwaste/ag/emission/emission_inventory.htm. Accessed
06/04/2012.

% Texas Oil & Gas Association. Available online: http://www.txoga.org/. Accessed 06/04/2012.
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depth drilled, total annual hours, and number of wells drilled. Industry representatives
suggested distributing the survey after the reporting deadline for EPA’s greenhouse gas
subpart W — petroleum and natural gas systems. It would be too difficult for companies to
complete reporting for subpart W and the Eagle Ford emission inventory survey at the same
time. Industry also noted that the survey did not need to collect data on individual well sites
and it would be easier to fill out the survey using boxes on the forms.

Industry representatives mentioned that emissions could be projected in the future based on
engine wear data collected by companies. In addition, North Central Texas Council of
Governments (NCTCOG) collected data on projections for operators in the Barnett Shale.
Any projections should take into account faster drill times as drill rigs are getting significantly
more powerful and faster.

1.7.3 July 2, 2013 meeting
Industry representatives were provided updated draft results of the Eagle Ford Emission
Inventory and projections at the third meeting of the Eagle Ford Emissions Inventory Group.
Results from the initial photochemical model run for each projection scenario were provided
to stakeholders. Final drill rig and well pad hydraulic pump engines survey forms were
reviewed by the committee at the meeting.

At the end of the meeting, HoltCAT staff presented on the Texas Emission Reduction Plan
(TERP) and SB 1727. The bill text for the oil and gas industry reads “reduction of emissions
from the operation of drilling, production, completions, and related heavy-duty on-road
vehicles or non-road equipment in oil and gas production fields where the commission
determines that the programs can help prevent that area or an adjacent area from being in
violation of national ambient air quality standards.”*® The committee recommended sending
a letter to the state recommending the following changes to the TERP program: requiring a
2-3 year contract, raising default hours and mileage to realistic oil and gas operations,
including the entire state for TERP funding, setting aside funds for oil and gas grants, and
raising cost per ton limits.

1.8 Data Sources

A variety of data sources were used to estimate emissions from Eagle Ford oil and gas
production. Whenever possible, local data was used to calculate emissions and project
future production. Counts of drill rigs operating in the Eagle Ford and number of wells drilled
were provided by Schlumberger. Similarly, well characteristics and production amounts
were collected from Schlumberger and the Railroad Commission of Texas. Non-road
equipment emissions were calculated using local industry data, emission factors from ERG’s
Statewide Drilling Rigs Emission Inventories for the Years 1990, 1993, 1996, and 1999
through 2040,*” TexN model, equipment manufacturers, TCEQ, and the results from TCAT
surveys. Compressor engine emissions were based on TCEQ’s Barnett Shale Special
Inventory (Table 1-2).

% Texas Legislature, 06/14/2013. “S.B. No. 1727”. Austin, Texas. Available online:
http://lwww.legis.state.tx.us/BillLookup/Text.aspx?LegSess=83R&BIill=SB1727. Accessed 10/24/2013.
3" Eastern Research Group, Inc., August 15, 2011. “Development of Texas Statewide Drilling Rigs
Emission Inventories for the Years 1990, 1993, 1996, and 1999 through 2040”. TCEQ Contract No.
582-11-99776. Austin, Texas. Available online:
http://www.tceq.texas.gov/assets/public/implementation/air/am/contracts/reports/ei/5821199776FY11
05-20110815-ergi-drilling_rig_ei.pdf. Accessed 10/24/2013.
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Production emission calculations relied on data produced for TCEQ’s Barnett Shale special
inventory. Other sources for production emissions included local industry data, ERG’s Texas
emission inventory, ENVIRON’s CENRAP emission inventory, and AP42 emission factors for
flares (Table 1-3). On-road data sources, as listed in Table 1-4, are from NCTCOG’s study in
the Barnett Shale, TXDOT’s study also in the Barnett Shale, and ENVIRON'’s Colorado report.
Emission factors for heavy duty and light duty trucks were produced by the MOVES model and
provided by the EPA.

Table 1-3: Data Sources for Fugitives, Flaring, Breathing Loss, and Loading Emissions

Source Category

Amount and Heat Content

Activity/Population

Emission Factors

Completion ERG’s Texas El Local Industry Data ERG’s Texas El (Western
Venting (Western Gulf) y Gulf)
ENVIRON CENRAP El
Flaring ENVIRON CENRAP El (Western Gulf) and Local AP-42 Section 13.5
(Western Gulf)
Industry Data
ERG Texas El and Barnett Shale Special Barnett Shale Special
Heaters ENVIRON CENRAP ElI Inventor P Inventory and ENVIRON
(Western Gulf) y CENRAP EI (Western Gulf)
Dehydrators - - ERG Texas El

Storage Tanks

ERG Texas El and ERG’s
condensate tank study

Fugitives from
Natural Gas Wells

Barnett Shale Special
Inventory

Fugitives from QOil
Wells

ERG Texas El

Loading Loss

AP42 and Local
Meteorological Data

ENVIRON CENRAP ElI

ENVIRON CENRAP El

ERG’s Texas El (Western

Blowdowns (Western Gulf) (Western Gulf) Gulf)
Pneumatic ENVIRON CENRAP EI

Table 1-4: Data Sources for On-Road Vehicles Emissions

. . Distance Traveled or o
Vehicle Type Process Number of Vehicles Hours Idling Emission Factors
On-Road NCTCOG (Bamett) Railroad Commission MOVES Model
Heavy Duty of Texas
Trucks : ENVIRON
Idling NCTCOG (Barnett) Colorado Report MOVES Model
On-Road ENVIRON Railroad Commission MOVES Model
Light Duty Trucks Colorado Report of Texas
1dlin ENVIRON ENVIRON EPA based on
9 Colorado Report Colorado Report MOVES model

1-17




1.9 TxLED
NOy emission estimates for all diesel equipment were reduced to account for Texas Low
Emission Diesel (TXLED) supplied in the following 19 counties in the Eagle Ford®.

e Atascosa e Fayette e Karnes e Madison

* Bee e Goliad e Lavaca e Milam

e Brazos e Gonzales e lee « Washington
e Burleson e Grimes e Leon * Wilson

e De Witt e Houston e Live Oak

1.10 Quality Check/Quality Assurance
“An overall QA program comprises two distinct components. The first component is that of
guality control (QC), which is a system of routine technical activities implemented by inventory
development personnel to measure and control the quality of the inventory as it is being
developed. The QC system is designed to:

1. Provide routine and consistent checks and documentation points in the inventory

development process to verify data integrity, correctness, and completeness;

2. ldentify and reduce errors and omissions;

3. Maximize consistency within the inventory preparation and documentation process; and

4. Facilitate internal and external inventory review processes.
QC activities include technical reviews, accuracy checks, and the use of approved standardized
procedures for emission calculations. These activities should be included in inventory
development planning, data collection and analysis, emission calculations, and reporting.”*®
Equations, data sources, and methodology were checked throughout the development of the
emission inventory. “Simple QA procedures, such as checking calculations and data input, can
and should be implemented early and often in the process. More comprehensive procedures
should target:

e Critical points in the process;

e Critical components of the inventory; and

e Areas or activities where problems are anticipated”*
Special emphases were put on critical components, such as drill rigs and hydraulic fracturing
pumps, for quality checks. Eagle Ford data developed through the emission inventory process
was compared to previous data sets from other shale oil and gas emission inventories.

When errors and omissions were identified, they were corrected and all documentation was
updated with the corrections. All emission inventory calculation methodologies were
documented and described in detail so external officials and other interested parties can
replicate the results. For every emission inventory source, documentation was consistent and
contained data sources, methodology, formulas, and results. When the emission inventory was
completed, documentation and spreadsheets were sent to local industry, TCEQ, and other
interested parties for review.

% Eastern Research Group, Inc. July 15, 2009. “Drilling Rig Emission Inventory for the State of Texas”.
Prepared for: Texas Commission on Environmental Quality. Austin, Texas. p. 6-18. Available online:
http://lwww.tceq.texas.gov/assets/public/implementation/air/am/contracts/reports/ei/5820783985F Y0901 -
20090715-ergi-Drilling_Rig_El.pdf. Accessed: 04/09/2012.
% Eastern Research Group, Inc, Jan. 1997. “Introduction: The Value of QA/QC’. Quality Assurance
Committee Emission Inventory Improvement Program, U.S. Environmental Protection Agency. p. 1.2-1.
f(\)vailable online: http://www.epa.gov/ttn/chief/eiip/techreport/volume06/vi01.pdf. Accessed 06/04/2012.
Ibid., p. 1.2-2.
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2 PREVIOUS STUDIES

Several oil and gas emissions inventories were review for data sources, methodologies, and
calculation methodologies.

2.1 Barnett Shale Area Special Inventory

TCEQ conducted a two phase 0zone precursor emission survey of Barnett Shale operations.
As part of the first phase, TCEQ's Emissions Assessment Section (EAS) conducted a special
inventory “to determine the location, number, and type of emissions sources located at
upstream and midstream oil and gas operations associated with the Barnett Shale formation.
As of June 16, 2010, the TCEQ has received special inventory data from companies that
account for more than 99 percent of the 2009 production in the Barnett Shale formation.
Specifically, data for 9,123 upstream leases/facilities and 519 midstream sites/facilities has
been received. It should be noted that midstream sites/facilities process or transport gas from
formations other than the Barnett Shale formation.”*!

In phase two, the TCEQ requested companies to provide air emissions data and related
information for calendar year 2009. The inventory collected data on “equipment and production
information for emission sources associated with Barnett Shale oil and gas production,
transmission, processing and related activities; air emissions authorizations for these sources;
coordinates of sources located within one-quarter mile of the nearest receptor; and annual 2009
emissions for nitrogen oxides, volatile organic compounds, and hazardous air pollutants.”** The
survey was sent to all companies that conducted operations in the Barnett Shale formation
during 2009, including such activities as oil and gas production, transmission, processing, and
related activities such as saltwater disposal.*”®

Through this process, TCEQ collected detailed information on production and midstream
emission sources in the Barnett Shale including data on compressors, storage tanks, loading
fugitives, production fugitives, heaters, and other sources. The special inventory provided the
parameters for calculating emissions from compressor engines, storage tanks, heaters, and
fugitive emissions and it was these parameters on which AACOG based emission estimates for
similar activities in the Eagle Ford. Since the Barnett study was based on dry gas shale,
operations, however, there are significant differences with Eagle Ford operations that produce
condensate and oil. The Barnett survey did not collect data for pad construction, drilling,
hydraulic fracturing, completion, and on-road vehicles. These sources can emit significant
amounts of ozone precursor emissions. The special inventory relied on companies to report all
sources and emissions from production. Also, the results from the Barnett survey were based
on calendar year 2009. Since that time, development, processes, and operations may have
changed since the industry is rapidly developing to increase production from shale plays across
the United States.

L TCEQ, Dec. 30, 2011. “Point Source Emissions Inventory”. Austin, Texas. Available online:
?Zttp://www.tceq.texas.gov/airquality/point—source-ei/psei.html. Accessed: 04/09/2012.

Ibid.
3 Julia Knezek, Emissions Inventory Specialist Air Quality Division, TCEQ, October 12, 2010. “Barnett
Shale Phase Two, Special Inventory Workbook Overview”. Presented to Assistance Workshop, Will
Rogers Memorial Center. Available online:
http://www.tceq.state.tx.us/assets/public/implementation/air/ie/pseiforms/workbookoverviewrevised.pdf.
Accessed. 042/07/2012.
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2.2 Texas Center for Applied Technology (TCAT) Eagle Ford Survey

The Eagle Ford emission inventory development process included a review of data gathered
from a limited on-site survey conducted by the Texas Center for Applied Technology (TCAT) at
Texas A&M University System. The study was conducted with funds from the Research
Partnership to Secure Energy for America (RPSEA). A team of environmental engineers and
scientists with Texas A&M University (TAMU) “planned, coordinated, and traveled to a site in
the Eagle-Ford area near Laredo, Texas to begin work on a project to collect air emissions data
and to begin developing a methodology for estimating/measuring emissions from the natural
gas production process. In this effort, TCAT teamed with the TAMU Global Petroleum
Research Institute (GPRI) and the TAMU Energy Engineering Institute (EEI). This project was
conducted as part of the Environmentally Friendly Drilling (EFD) Program managed by the
Houston Advance Research Center (HARC) in partnership with TAMU.”*

Graduate students observed and recorded operations, schedules, and equipment types at a
hydraulic fracturing site in the Eagle Ford. Well site managers also participated in the survey to
determine if operations were typical for each well site the company drills or owns. Since the
TCAT survey was only conducted at one well pad for two wells, the results are not statistically
significant. Further on the ground surveys are planned, but may not be completed in time to be
incorporated into the Eagle Ford emission inventory. The activity data and engine
characteristics from hydraulic fracturing collected during this survey were compared to other
studies.

2.3 Characterization of Oil and Gas Production Equipment and Develop a Methodology
to Estimate Statewide Emissions

The purpose of ERG’s emission inventory was to “identify and characterize area source

emissions from upstream onshore oil and gas production sites that operated in Texas in 2008

and to develop a 2008 base year air emissions inventory from these sites.”** The study found

that the main sources of NOyx emissions from oil and gas production are compressor engines,

while the main sources of VOC emissions are oil and condensate storage tanks.*

“In addition to compiling the emissions inventory, other objectives of this project were to identify
the emission source types operating at oil and gas production sites, to develop a methodology
for estimating area source emissions from oil and gas production sites based on the oil and gas
produced at the county level, to develop survey materials that may be used to obtain detailed
information needed to estimate emissions, and to identify the producers of oil and gas for each
county.”’ ERG’s emission inventory included only emission sources from production such as
lifts, storage tanks, fugitives, loading fugitives, heaters, compressors, well completion, and
pneumatic pumps. The ERG report was used to estimate the percentage of oil wells serviced
by wellhead heaters, the average heater rating, the emission factors for dehydrators, and VOC
emission factor for fugitives from oil wells. The report was also used to estimate the molecular

*Texas Center for Applied Technology (TCAT), Nov. 2011. “Environmentally Friendly Drilling Systems
Program Hydraulic Fracturing Phase Emissions Profile (Air Emissions Field Survey No. 1)”. San Antonio,
Texas. p. 2.

** Mike Pring, Daryl Hudson, Jason Renzaglia, Brandon Smith, and Stephen Treimel, Eastern Research
Group, Inc. Nov. 24, 2010. “Characterization of Oil and Gas Production Equipment and Develop a
Methodology to Estimate Statewide Emissions”. Prepared for: Texas Commission on Environmental
Quality Air Quality Division. Austin, Texas. p. iv. Available online:
http://lwww.tceq.texas.gov/assets/public/implementation/air/am/contracts/reports/ei/5820784003F Y 1026-
20101124-ergi-oilGasEmissionsinventory.pdf. Accessed: 04/10/2012.

“® |bid., pp. v-vi.

“" Ibid.. p. v.
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weight of the gas, the mass fraction of VOC emissions in the vented gas from blowdowns, and
the volumetric bleed rate from pneumatic devices.

2.4 Dirilling Rig Emission Inventory for the State of Texas

ERG developed statewide drilling rig emission inventories for 1990, 1993, 1996, and 1999
through 2040. “The purpose of this study was to develop comprehensive statewide controlled
and uncontrolled emissions inventories for drilling rig engines associated with onshore oil and
gas exploration activities occurring in Texas. Oil and gas exploration and production facilities
are considered some of the largest sources of area source emissions in certain geographical
areas, dictating the need for continuing studies and surveys to more accurately depict these
activities. The current inventory effort builds off of the previous 2009 study prepared for the
TCEQ, 2009 Drilling Rig Emission Inventory for the State of Texas (July 15, 2009, prepared by
ERG), which focused exclusively on drilling activities. The previous effort is expanded upon by
improving the activity data (well counts, types, and depths) used to estimate emissions, and
uses the drilling rig engine emission profiles developed in the 2009 study. The improved well
activity data was obtained through acquisition of the 'Drilling Permit Master and Trailer*
database from the Texas Railroad Commission (TRC). The activity data and emissions
characterization data were then used to develop controlled and uncontrolled drilling rig engine
emissions inventories for the years 1990, 1993, 1996, and 1999 through 2040.”*

ERG states “drilling activity is estimated to remain relatively constant across the state from 2011
through 2035.*° According to the study, “the preponderance of the high NOy emitting counties
were predominantly in West and North-Central Texas.“® ERG projects that drill rig emissions in
Texas will decrease from 22,920 tons of NOy per year in 2012 to 7,311 tons of NOy per year in
2040.°' ERG’s emission inventory did not take into account the improvements in efficiency,
increased activity, and rapid turnover rates of drill rigs in the Eagle Ford. Most of the
mechanical drill rigs in the Eagle Ford are being removed from service and there is a significant
expansion of production in the Eagle Ford. Electrical horizontal drill rigs in the Eagle Ford have
more engines (3.17 engines compared 2.03 in the ERG report for electric drill rigs), higher
horsepower (1,429 hp compared 1,346 in the ERG report), and lower load factors (0.35
compared to 0.525 in the ERG report) compared to what was used to calculate emissions in
ERG'’s report.

2.5 Development of an Emission Inventory for Natural Gas Exploration and Production
in the Haynesville Shale and Evaluation of Ozone Impacts

One of the few shale gas emission inventories that was used in a photochemical model

simulation was described in ENVIRON’s report on the Haynesville shale. In the report “an

emission inventory of NOy, VOC and CO for Haynesville Shale natural gas exploration and

production activities was developed.”* Emission inventory categories included drill rigs,

*® Eastern Research Group, Inc., August 15, 2011. “Development of Texas Statewide Drilling Rigs
Emission Inventories for the Years 1990, 1993, 1996, and 1999 through 2040”. TCEQ Contract No. 582-
11-99776. Austin, Texas. p. 1-1. Available online:
http://lwww.tceq.texas.gov/assets/public/implementation/air/am/contracts/reports/ei/5821199776FY1105-
20110815-ergi-drilling_rig_ei.pdf. Accessed 10/24/2013.

*° bid. p. 1-5.

50 Ibid.

*! bid. pp. 1-2 — 1-3.

°2 John Grant, Lynsey Parker, Amnon Bar-llan, Sue Kemball-Cook, and Greg Yarwood, ENVIRON
International Corporation. August 31, 2009. “Development of an Emission Inventory for Natural Gas
Exploration and Production in the Haynesville Shale and Evaluation of Ozone Impacts”. Novato, CA.
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hydraulic fracturing, completion, compressor engines, other production emissions, and
midstream sources.

“Well production data, the historical record of activity in the nearby Barnett Shale and other
available literature were used to project future activity in the Haynesville Shale. Future year
annual natural gas production for the years 2009-2020 was estimated for three scenarios
corresponding to aggressive, moderate, and limited development of the Haynesville Shale.
Constraints on available infrastructure and potential variability in well productivity and
economics were also considered. Activity/equipment data from other oil and gas emission
inventory studies were used to develop an emission inventory for ozone precursors for each of
the three production scenarios.” When entered in the May-June 2005 photochemical model,
the maximum increase in 8-hour ozone was 8.9 ppb under the low scenario and 16.7 ppb under
the high scenario.>

Unfortunately, there was little local data used to estimate emissions in the study because there
was no industry participation in the report. The activity levels and load factors for drill rigs may
be over estimated and the horsepower required for hydraulic fracturing is under estimated. In
contrast to the future projection developed by ENVIRON, drilling and hydraulic fracturing
activities have declined in the Haynesville Shale formation because of the decrease in natural
gas prices and drilling operations moving to the more profitable Eagle Ford Shale. Since the
Eagle Ford has significant deposits of crude oil and condensate, procedures, activity rates,
engine characteristics, and production can be significantly different.

2.6 City of Fort Worth Natural Gas Air Quality Study

“The city of Fort Worth is home to extensive natural gas production and exploration as it lies on
top of the Barnett Shale, a highly productive natural gas shale formation in north-central
Texas. As the Barnett Shale formation is located beneath a highly populated urban
environment, extraction of natural gas from it has involved exploration and production
operations in residential areas, near public roads and schools, and close to where the citizens of
Fort Worth live and work. Due to the highly visible nature of natural gas drilling, fracturing,
compression, and collection activities, many individual citizens and community groups in the
Fort Worth area have become concerned that these activities could have an adverse effect on
their quality of life. In response to these concerns, on March 9, 2010, the Fort Worth City
Council adopted Resolution 3866-03-2010 appointing a committee to review air quality issues
associated with natural gas exploration and production. This committee was composed of
private citizens, members of local community groups, members of environmental advocacy
groups, and representatives from industry. The committee was charged to make
recommendations to the City Council on a scope of work for a comprehensive air quality
assessment to evaluate the impacts of natural gas exploration and production, to evaluate

Available online: http://www.netac.org/UserFiles/File/NETAC/9_29 09/Enclosure_2b.pdf. Accessed:
04/19/2012.

53 Ibid.

** Susan Kemball-Cook, Amnon Bar-llan, John Grant, Lynsey Parker, Jaegun Jung, Wilson Santamaria,
and Greg Yarwood, ENVIRON. September 28, 2010. “An Emission Inventory for Natural Gas
Development in the Haynesville Shale and Evaluation of Ozone Impacts.” Presented at the 19™
International Emission Inventory Conference. Slide 16. Available online:
http://www.epa.gov/ttnchiel/conference/eil9/session2/kemball_cook_pres.pdf. Accessed 06/04/2012.
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proposals submitted in response to a solicitation for conducting this study, and to ultimately
choose a qualified organization to conduct the study.”®

Emission source testing was conducted by EGR “to determine how much air pollution is being
released by natural gas exploration in Fort Worth, and if natural gas extraction and processing
sites comply with environmental regulations. The point source testing program occurred in two
phases, with Phase | occurring from August through October of 2010, and Phase Il occurring in
January and February of 2011. Under the point source testing program, field personnel
determined the amount of air pollution released at individual well pads, compressor stations,
and other natural gas processing facilities by visiting 388 sites, includes two repeat visits, and
testing the equipment at each site for emissions using infrared cameras, toxic vapor analyzers
(TVAs), Hi Flow Samplers, and evacuated canisters to collect emission samples for laboratory
analysis.”® The sites visited included 375 wells pads, 1 drilling operation, 1 hydraulic fracturing
operation, 1 completion operation, 8 compressor stations, 1 processing facility, and 1 saltwater
treatment facility.’

FLIR™ infrared cameras were used to survey all equipment in natural gas service at each

point source site visited.*® “Emissions were only estimated from piping and instrumentation
equipment leaks, storage tanks, and compressors, which contribute the majority of emissions
from natural gas-related facilities. Other sources of emissions, including but not limited to,
storage tank breathing and standing losses, glycol dehydrator reboiler vents, wastewater and/or
condensate loading, and flaring were not calculated.”® Sampling of drilling and hydraulic
fracturing operation was not statistically significant because only one site of each was surveyed.

2.7 Other Studies

ENVIRON improved the “oil and gas area source inventories for the 2002 base year and 2018
future year for the entire Central States Regional Air Partnership (CENRAP) region,
encompassing the oil and gas producing states of Texas, Louisiana, Oklahoma, Arkansas,
Kansas, and Nebraska” in a 2008 report.®® The work consisted of three principal tasks:
identification of major CENRAP basins, literature review and limited industry survey of oil and
gas production, and develop recommendations. A detailed set of data was developed “to aid
CENRAP and each individual CENRAP state DEQ in generating improved emissions inventory
calculations for oil and gas area sources within the CENRAP domain”.®* The calculation
methodologies and input data developed “are intended for broad, regional inventories of oil and
gas and therefore contain some broad assumptions to make these regional emissions inventory
calculations tractable.”®

°° Eastern Research Group Inc. July 13, 2011. “Fort Worth Natural Gas Air Quality Study Final Report”.
Prepared for: City of Fort Worth, Fort Worth, Texas. p. xii. Available online:
http://fortworthtexas.gov/gaswells/?id=87074. Accessed: 04/09/2012.

*® |bid., p. 3-98

*" |bid. pp. 3-3 — 3-4.

%% |bid. pp. 3-7 — 3-9.

% pid. p. 3-23.

% Amnon Bar-llan, Rajashi Parikh, John Grant, Tejas Shah, Alison K. Pollack, ENVIRON International
Corporation. Nov. 13, 2008. “Recommendations for Improvements to the CENRAP States’ Oil and Gas
Emissions Inventories”. Novato, CA. p. 62-63. Available online:
http://www.wrapair.org/forums/ogwg/documents/2008-11 CENRAP_O&G Report 11-13.pdf. Accessed:
04/30/2012.

61 Ibid.

62 Ibid.
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An oil and gas mobile sources pilot study was also conducted by ENVIRON to provide “an
emission inventory of criteria pollutants from mobile sources associated with onshore oil and
gas development in the Piceance Basin of northwestern Colorado. This study builds on several
past inventory projects that have examined emissions from oil and gas development activities
both in the Piceance Basin and in the Intermountain West generally.”®® “This study attempts to
estimate these emissions and compare them to the existing point and area source inventories in
the Rocky Mountain region. Survey forms were developed requesting detailed data on off-road
equipment and on-road vehicles used for various phases of oil and gas production, including
well construction, well drilling, well completions (including fracturing), and production

operations”.®*

Other on-road mobile emission inventories include NCTCOG’s “study to assess truck traffic in
the Barnett Shale. The goal of this effort is to gather information regarding potential air quality
and roadway impacts from on-road sources associated with natural gas drilling and extraction.
This data will help improve the accuracy of transportation and air quality modeling. It will also
help determine whether there is a need for future funding to help reduce ozone-forming
pollution, which would assist efforts to comply with federal air quality standards or address road
maintenance needs. As part of this project, NCTCOG is requesting feedback from industry
participants, including natural gas operators and truck contractors. NCTCOG study on trucking
emission in the Barnett is schedule to be completed August 2012.7%°

An evaluation of upstream oil and gas storage tank project flash emission models were
conducted by Hy-Bon Engineering Company from July to September 2008. They reported the
results of a six month study to determine the VOC emissions from oil and condensate storage
facilities with production rates between 10 to 1,979 barrels per day. Flow measurements were
conducted at each test site to determine the total vented tank emission rate. Total flow
measugg:ments were made at twenty-three sites in West Texas and thirteen sites in North
Texas.

Another study of upstream oil and gas tank emission measurements, conducted by ENVIRON in
July 2010, measured “emission rates of volatile organic compounds (VOC) from breathing,
working, and flash loss emissions from tank batteries at designated sites located in the Dallas-
Fort Worth (DFW) area. Tank vent gas samples were collected and analyzed in order to
determine tank-specific product compositions and component concentrations. VOC emission
rates from the tank battery were continuously measured over 24-hour periods. Liquid samples
were collected from the pressurized separators at the tank batteries and analyzed for input to
Exploration and Production (E&P) TANK software.”®’

% Amnon Bar-llan, John Grant, Rajashi Parikh, Ralph Morris, ENVIRON International Corporation, July
2011. “Oil and Gas Mobile Sources Pilot Study”. Novato, California. p. ES1. Available online:
http://www.wrapair2.org/documents/2011-07_P3%20Study%20Report%20(Final%20July-2011).pdf.
Accessed: 04/12/2012.

64 Ibid.

% North Central Texas Council of Governments. “Barnett Shale Truck Traffic Survey”. Dallas, Texas.
Available online: http://www.nctcog.org/trans/air/barnettshale.asp. Accessed 05/04/2012.

% Butch Gidney and Stephen Pena, Hy-Bon Engineering Company, Inc., July 16, 2009. “Upstream Oil
and Gas Storage Tank Project Flash Emissions Models Evaluation”. Midland, Texas. p. 5. Available
online:
http://www.bdlaw.com/assets/attachments/TCEQ%20Final%20Report%200il%20Gas%20Storage%20Ta
nk%20Project.pdf. Accessed: 04/25/2012.

®” ENVIRON International Corporation, August 2010. “Upstream Oil and Gas Tank Emission
Measurements TCEQ Project 2010 — 39”. Prepared for: Texas Commission on Environmental Quality,
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Al Armendariz from department of environmental and civil engineering at Southern Methodist
University wrote an emission inventory on natural gas production in the Barnett shale area and
listed opportunities for cost-effective improvements. “Emission sources from the oil and gas
sector in the Barnett Shale area were divided into point sources, which included compressor
engine exhausts and oil/condensate tanks, as well as fugitive and intermittent sources, which
included production equipment fugitives, well drilling and fracing engines, well completions, gas
processing, and transmission fugitives. The air pollutants considered in this inventory were
smog-forming compounds (NOx and VOC), greenhouse gases, and air toxic chemicals.”®®

Cornell University’s report on the “Indirect Emissions of Carbon Dioxide from Marcellus Shale
Gas Development” provides an estimation of emissions “associated with the shale gas life-cycle
focusing on the Marcellus shale as a case study”.*® The report calculates “all GHG emissions
from land clearing, resource consumption, and diesel consumed in internal-combustion engines
(mobile and stationary) during well development.””® The report gives detailed data on the
activity rates, engine characteristics, and population of on-road and non-road equipment used
during well construction.

A report was developed “to assist the EPA Office of Policy, Economics, and Innovation (OPEI)
in assessing environmental impacts associated with oil and gas production in Region 8.
According to the report, “unconventional oil and gas resources generally require more wells,
greater energy and water consumption, and more extensive production operations per unit of
gas recovered than conventional oil and gas resources, due to factors such as closer well
spacing and greater well service traffic.”’? Other emission inventories of oil and gas production
include “Tumbleweed Il Exploratory Natural Gas Drilling Project” in Utah” and “Pinedale
Anticline Project” in Wyoming.” TCEQ developed a “2007 Southeast Texas Compressor and

Austin, Texas. p. 1. Available online:
http://www.tceq.texas.gov/assets/public/implementation/air/am/contracts/reports/ei/5820784004FY1025-
20100830-environ-Oil_Gas_Tank_Emission_Measurements.pdf. Accessed: 04/12/2012.
% Al Armendariz. Jan. 26, 2009. “Emissions from Natural Gas Production in the Barnett Shale Area and
Opportunities for Cost-Effective Improvements”. Prepared for Environmental Defense Fund. Austin,
Texas. Available Online: http://www.edf.org/sites/default/files/9235 Barnett_Shale_Report.pdf. Accessed:
04/19/2012.
% santoro, R.L.; R.W. Howarth; A.R. Ingraffea. 2011. Indirect Emissions of Carbon Dioxide from
Marcellus Shale Gas Development. A Technical Report from the Agriculture, Energy, & Environment
Program at Cornell University. June 30, 2011. p. ii. Available online:
http://www.eeb.cornell.edu/howarth/IndirectEmissionsofCarbonDioxidefromMarcellusShaleGasDevelopm
7eonlta_.gjune30201l%20.pdf Accessed: 04/02/2012.
id.

T EPA Region 8, Sept. 2008. “An Assessment of the Environmental Implications of Oil and Gas
Production: A Regional Case Study” Working Draft. pp. ES1-ES3. Available online:
tatp:llwww.epa.gov/sectors/pdf/oiI-gas-report.pdf. Accessed: 05/02/2012.

Ibid.
3 U.S. Department of the Interior, Bureau of Land Management. June 2010. “Tumbleweed Il Exploratory
Natural Gas Drilling Project”. East City, Utah. DOI-BLM-UTG010-2009-0090-EA. Available online:
http://www.blm.gov/pgdata/etc/medialib/blm/ut/lands_and_minerals/oil_and_gas/november_2011.Par.245
30.File.dat/. Accessed: 04/12/2012.
" U.S. Department of the Interior, Bureau of Land Management, Sept. 2008. “Final Supplemental
Environmental Impact Statement for the Pinedale Anticline Oil and Gas Exploration and Development
Project: Pinedale Anticline Project Area Supplemental Environmental Impact Statement”. Sheyenne,
Wyoming. Available online: http://www.blm.gov/wy/st/en/info/NEPA/documents/pfo/anticline/seis.html.
Accessed: 04/12/2012.
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Dehydrator Survey”” and DFW Compressor Engine Project that provided ambient

measurements downwind of gas compressor engines.

® TCEQ. “Area-Source Emissions: Southeast Texas Survey of Compressor Engines and Dehydrators”.
Available online: http://tceq.texas.gov/airquality/areasource/ASEIl.html?force_web. Accessed 06/05/2012.
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3 EXPLORATION AND PAD CONSTRUCTION

3.1 Seismic Exploration

According to Chesapeake Energy, seismic exploration is “an investment in subsurface
information, lowers risk, provides confident geologic information, and leads to greater drilling
accuracy”’® “Seismic exploration helps scientist pinpoint ideal drilling locations within oil and
natural gas reservoirs.””” “Seismic field data is used to generate 3-D pictures of
underground formations and geologic features. These images allow geophysicists and

geologists to study the composition of underground formations in a particular area.””®

Seismic imaging uses an energy source, such as vibrator trucks, to produce sound waves
beneath the surface that are useful in the exploration for oil and natural gas. “The images
generated through this process can be used to estimate the probability of producing
formations and their characteristics. As a result, this technology has raised the success rate
of exploration efforts by ensuring more accurate placement of drill sites, resulting in more
productive wells”.”® In the Eagle Ford, “three to four vibe trucks will travel to a specific
location where the lines of geophones have been installed” and stay at each site for only a
few hours.®

Figure 3-1: Seismic Survey Vibration Truck or Vibroseis Vehicle in the Eagle Ford shale
play®*

® Chesapeake Energy, Oct. 20, 2011. “Barnett Shale Natural Gas Exploration and Production

Primer”. Presented at the National NGV Conference — Summit. Available online:

517ttp://WWW.cIeanvehicIe.org/conference/ZOlllimages/ANGA-NGVA.pdf. Accessed: 04/23/2012.
Ibid.

78 Ibid.

¥ Chesapeake Energy, 2012. “Seismic Exploration”. Available online:

http://www.askchesapeake.com/Eagle-Ford-Shale/About/Pages/Seismic-Exploration.aspx. Accessed:

03/27/2012.

8 Marathon Oil Corporation. “Eagle Ford: Oil and Natural Gas Fact Book”. Available online:

http://www.marathonoil.com/content/documents/news/eagle_ford fact _book_final.pdf. Accessed:

04/23/2012.

#The Eagle Ford Shale Blog. Sept. 26, 2011. “Photos of Eagle Ford Shale Oil Wells”. Available

online: http://eaglefordshaleblog.com/photos-of-eagle-ford-shale-activity/. Accessed: 04/02/2012.
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Existing data in the TexN Model was used to calculate emission factors for non-road
equipment used in the Eagle Ford. The TexN model was modified to match the horsepower
of equipment used in the Eagle Ford and the updated inputs provided in Appendix C. The
TexN Model run specifications were:

* Analysis Year =2011

* Max Tech. Year =2011

e Met Year = Typical Year

e Period = Annual

e Summation Type = Annual

* Post Processing Adjustments= All

e Rules Enabled = All including TXLED®

e Regions = Atascosa, Bee, Brazos, Burleson, De Witt, Dimmit,

Edwards, Frio, Gonzales, Grimes, Houston, Karnes, La
Salle, Lavaca, Lee, Leon, Live Oak, Maverick,
McMullen, Milam, Webb, Wilson, Wood, Zavala
Counties

e Sources = Equipment used at upstream and midstream oil and
natural gas sites

Equation 3-1 was used to calculate emissions from seismic trucks operating in the Eagle
Ford.

Equation 3-1, Ozone season day seismic trucks emissions
Eseismicee = (NUMgc / WPADg) X POP X HP X HRS X LFtexn X EFtexn / 907,184.74 grams
per ton / 365 days/year

Where,
Eseismiceec = Ozone season day NOy, VOC, or CO emissions from seismic trucks in
county B for Eagle Ford development type C wells (gas or oil)
NUMgc = Annual number of wells drilled in county B for Eagle Ford development type
C wells, from Table 4-1 (Schlumberger Limited)
WPADg = Number of wells per pad for county B, Table 3-5 (calculated from data
provided by the Railroad Commission of Texas)

POP = Number of seismic trucks, 3 (from Marathon Oil Corporation in the Eagle
Ford)

HP = Average horsepower seismic trucks, 400hp (based on average hp of
seismic trucks from Equipment Manufactures)

HRS = Hours per pad construction, 2 hours per well pad (from Marathon Oil
Corporation in the Eagle Ford)

LFrexn = Load factor for off road trucks, 0.59 (from TexN Model)

EFtexn = Emission factor for off road trucks, 2.510 g/hp-hr for NOy, 0.183 g/hp-hr for

VOC, or 1.285 g/hp-hr for CO (from TexN Model)

% Texas Administrative Code, Sept. 13, 2012. “Low Emission Diesel: RULE §114.319 Affected
Counties and Compliance Dates”. Austin, Texas.

http://info.sos.state.tx.us/pls/pub/readtac$ext. TacPage?sI=R&app=9&p_dir=&p_rloc=&p_tloc=&p_plo
c=&pg=1&p_tac=&ti=30&pt=1&ch=114&r1=319. Accessed 09/17/13.
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Sample Equation: NOx emissions from seismic trucks in Wilson County for oil wells, 2011
Epagasc = (35 oil wells /1.1 wells per well pad) x 3 trucks x 400 hp x 2 hours x 0.59 x
2.510 grams of NOy/hp-hr / 907,184.74 grams per ton / 365 days/year
= 0.0004 tons of NOy/ozone season day from seismic trucks in Wilson
County for oil wells, 2011

Table 3-1: NOy and VOC Emissions from Seismic Trucks Operating in the Eagle Ford, 2011

SCC 2270002051
County FIPS Code VOC NOx
Atascosa 48013 0.0000 0.0001
Bee 48025 0.0000 0.0000
Brazos 48041 0.0000 0.0000
Burleson 48051 0.0000 0.0000
DeWitt 48123 0.0000 0.0002
Dimmit 48127 0.0000 0.0003
Fayette 48149 0.0000 0.0000
Frio 48163 0.0000 0.0001
Gonzales 48177 0.0000 0.0002
Grimes 48185 0.0000 0.0000
Houston 48225 0.0000 0.0000
Karnes 48255 0.0000 0.0004
La Salle 48283 0.0000 0.0003
Lavaca 48285 0.0000 0.0000
Lee 48287 0.0000 0.0000
Leon 48289 0.0000 0.0000
Live Oak 48297 0.0000 0.0001
Madison 48313 0.0000 0.0000
McMullen 48311 0.0000 0.0002
Maverick 48323 0.0000 0.0000
Milam 48331 0.0000 0.0000
Washington 48477 0.0000 0.0000
Webb 48479 0.0000 0.0004
Wilson 48493 0.0000 0.0000
Zavala 48507 0.0000 0.0001
Total 0.0002 0.0028

3.2 Well Pad Construction

3.2.1 Well Pad Construction Process

According to Marathon Oil, “once the wellsite has been identified and an access agreement
has been signed, an area of land is cleared so that drilling, construction and production
traffic can enter the site. As part of the clearing process, topsoil is removed and typically
stored on site for use in the reclamation of the pad at a later date.”®® “The drill pad
accommodates the drill rig, support trucks, waste storage, worker housing, fluid tanks, field
office, generators, pumps and other necessary equipment. Construction of the drill pad

% Marathon Oil Corporation. “Eagle Ford: Oil and Natural Gas Fact Book”. Available online:
http://www.marathonoil.com/content/documents/news/eagle_ford_fact_book_final.pdf. Accessed:
04/23/2012.
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typically requires clearing, grubbing, and grading, followed by placement of a base material
(e.g., crushed stone).”®

Reserve pits are also usually required at each well pad because “the drilling process uses a
large volume of drilling fluid that is circulated through the drill pipe and drill bit, then back to
the surface. As the fluid returns to the surface, it carries the ground-up rock particles (drill
cuttings). Some operators also construct separate auxiliary pits that collect fluids that fall
onto the area directly beneath the rig.”®® “The pit can be about 200 yards wide and about
20-40 feet deep, may be dug to hold waste from the digging and later from the
hydrofracturing.”®

Heavy equipment, such as bulldozers, gravel trucks, and rollers, is used to build the pad
sites and remove trees. Chesapeake Energy states that the “typical horizontal well pad
requires ~5 acres to construct (not including fresh water impoundments and access
roads)”® and takes 4-6 weeks to complete®®. BHP Billiton Petroleum (Petrohawk) found that
“setting up a well site takes 2-4 weeks and includes: Construction of roads for the transport
of heavy equipment such as the drill rig, leveling of the site, structures for erosion control,
construction of lined pits to hold drilling fluids and drill cuttings, and placement of racks to
hold the drill pipe and casing strings.”® In the Marcellus Shale Play, pads average 7.4 acres
in size including roads and utility corridors based on 1,108 horizontal well pads and 8,197
acres of total land disturbance for horizontal drilling.*® Site construction includes:

e Land clearing
Excavating and grading
Road construction
Pipeline and utilities installation
Pad construction
Sump hole excavation

# Haxen and Sawyer, Environmental Engineers & Scientists, Sept. 2009. “Impact Assessment of
Natural Gas Production in the New York City Water Supply Watershed Rapid Impact Assessment
Report” New York City Department of Environmental Protection. p. 27. Available online:
http://www.nyc.gov/html/dep/pdf/natural_gas_drilling/rapid_impact_assessment_091609.pdf.
Accessed: 04/20/2012.

8 University of Arkansas and Argonne National Laboratory. “Fayetteville Shale Natural Gas:
Reducing Environmental Impacts: Site Preparation”. Available online:
http://lingo.cast.uark.edu/LINGOPUBLIC/natgas/siteprep/index.htm. Accessed: 04/20/2012.

8 Jennifer J. Halpern. “What to expect in your Back 40.... An Incomplete Description of What
Landowners can Expect when the Marcellus Natural Gas Drills Arrive”. Available online:
http://www.museumoftheearth.org/outreach.php?page=92387/846957/back_40. Accessed:
04/12/2012.

8 Chesapeake Energy. “Chesapeake Energy Shale Operations Overview Pennsylvania”. Available
online: http://www.brightontwp.org/documents/ChesapeakeEnergy.pdf. Accessed: 04/20/2012.

% Chesapeake Energy, Oct. 11. "Marcellus Shale Natural Gas Development & Production”. Slide 7.
Available online:
http://www.repbear.com/Display/SiteFiles/58/OtherDocuments/97_ChesapeakePowerPoint.pdf.
Accessed: 04/12/2012.

89 3. Michael Yeager, Group Executive and Chief Executive, Petroleum, Nov. 14, 2011. “BHP Billiton
Petroleum Onshore US Shale Briefing”. Available online:
http://www.bhpbilliton.com/home/investors/reports/Documents/2011/111114 BHPBiIllitonPetroleuminv
estorBriefing_Presentation.pdf. Accessed: 04/12/2012.

% All Consulting, Sept. 16, 2010. “NY DEC SGEIS Information Requests”. Prepared for Independent
Oil & Gas Association, Project no.: 1284. Available online:
http://catskillcitizens.org/learnmore/2010091610GAResponsetoDECChesapeake |IOGAResponsetoD
EC.pdf. Accessed: 04/16/2012.
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3.2.2 Non-Road Equipment Used During Well Pad Construction

The methodology used to estimate emissions from non-road equipment used during well
pad construction incorporated information on equipment type, equipment population,
horsepower, and activity data from local sources and previous studies. Several studies
have estimated the amount, size, and time it takes to construct well pads (Table 3-2). A
Cornell University study of the Marcellus determined that the equipment needed to clear the
land and construct the well pad was 6 grading dozers and 1 large excavator employed in
clearing the well site over 3 days at 12 hours per day.”* San Juan Public Lands Center
documented similar results for the activity hours associated with pad construction, but the
equipment types were different.

In ENVIRON'’s report for the Piceance Basin of Northwestern Colorado, they only provided
total equipment population, total horsepower, and average activity rates per piece of
equipment. The horsepower and activity rate to clear the pad was a little lower than the
other two studies, but the results were similar.®? Other studies on non-road equipment used
during well pad construction included Tumbleweed Il in Utah®, Buys & Associates in Utah®,
and Pinedale Anticline Project in Wyoming.”® These studies found higher activity rates,
between 57 to 140 hours per piece of equipment, to clear well pads.

The sizes of twenty randomly selected well pads were measured in the Eagle Ford including
the pad, water impoundment, and road areas (Table 3-3).%° The average well pad was 5.2
acres with a standard deviation of 2.1 acres and a confidence level of 0.9 acres. Since the
well pad sizes of the Eagle Ford match other studies, equipment types and activity rates
used to construct the well pads should be similar.

! santoro, R.L.; R.W. Howarth; A.R. Ingraffea. 2011. Indirect Emissions of Carbon Dioxide from
Marcellus Shale Gas Development. A Technical Report from the Agriculture, Energy, & Environment
Program at Cornell University. June 30, 2011. p. 8. Available online:
http://www.eeb.cornell.edu/howarth/IndirectEmissionsofCarbonDioxidefromMarcellusShaleGasDevelo
pment_June302011%20.pdf. Accessed: 04/02/2012.

2 Amnon Bar-llan, John Grant, Rajashi Parikh, Ralph Morris, ENVIRON International Corporation,
July 2011. “Oil and Gas Mobile Sources Pilot Study”. Novato, California. pp. 13. Available online:
http://www.wrapair2.org/documents/2011-07_P3%20Study%20Report%20(Final%20July-2011).pdf.
Accessed: 04/12/2012.

% U.S. Department of the Interior, Bureau of Land Management. June 2010. “Tumbleweed ||
Exploratory Natural Gas Drilling Project”. East City, Utah. DOI-BLM-UTG010-2009-0090-EA. p. 6 of
29. Available online:
http://www.blm.gov/pgdata/etc/medialib/blm/ut/lands_and_minerals/oil_and_gas/november_2011.Par.
24530.File.dat/. Accessed: 04/12/2012.

9 Buys & Associates, Inc., Sept. 2008. “APPENDIX J: Near-Field Air Quality Technical Support
Document for the West Tavaputs Plateau Oil and Gas Producing Region Environmental Impact
Statement”. Prepared for: Bureau of Land Management Price Field Office Littleton, Colorado.
Available online: http://www.blm.gov/ut/st/en/fo/price/energy/Oil_Gas/wtp_final_eis.html. Accessed:
04/20/2012.

% U.S. Department of the Interior, Bureau of Land Management, Sept. 2008. “Final Supplemental
Environmental Impact Statement for the Pinedale Anticline Oil and Gas Exploration and Development
Project: Pinedale Anticline Project Area Supplemental Environmental Impact Statement”. Sheyenne,
Wyoming. p. F42. Available online:
http://www.blm.gov/pgdata/etc/medialib/blm/wy/information/NEPA/pfodocs/anticline/rd-
seis/tsd.Par.13395.File.dat/07appF.pdf. Accessed: 04/12/2012.

% April 20, 2012. “Google Earth”. Available online: http://www.google.com/earth/index.html. Accessed
07/23/2012.
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Table 3-3: Sample of Well Pad Sizes from Aerial Imagery, Acres

bieEll ) County Pad L] Road Total Acres
Sample Impoundment

1 Atascosa 4.8 - 0.0 4.9
2 McMullen 3.0 0.8 0.0 3.9
3 Live Oak 5.8 - 0.8 6.7
4 Karnes 2.7 - 0.1 2.7
5 Live Oak 3.3 1.4 0.2 4.9
6 Wilson 3.0 0.4 0.1 3.5
7 McMullen 3.6 0.9 0.1 4.6
8 McMullen 6.9 4.1 0.5 11.5
9 McMullen 6.1 1.0 0.3 7.4
10 Atascosa 57 - 0.1 5.8
11 Karnes 4.7 - 0.3 5.0
12 Karnes 3.9 4.6 0.5 9.0
13 Wilson 4.6 - 0.2 4.8
14 Gonzales 2.6 - 0.2 2.8
15 Gonzales 2.6 0.8 0.2 3.7
16 Dewitt 35 1.6 0.1 5.2
17 Bee 4.1 - 0.4 4.4
18 Karnes 3.7 0.3 0.2 4.2
19 Karnes 3.8 - 0.1 3.9
20 Wilson 3.1 0.8 0.2 4.1

Average 4.1 0.8 0.2 5.2

Construction equipment used to construct well pads was counted using aerial imagery of
randomly selected pads in the Eagle Ford.” As shown in Table 3-4, construction of most
well pads in the Eagle Ford was accomplished using dozers, graders, and rollers, although
loaders and excavators were used at a few of the pads studied. In the Eagle Ford, tractors
are sometimes used to spread gravel instead of loaders or aggregate trucks.

Other types of equipment may be used for well pad construction in the Eagle Ford than the
sample sites listed in table 3-4, but data is not available for each site. The equipment
counts for pad construction determined for Eagle Ford development are higher compared to
those documented by other studies except Cornell University’s study in Marcellus and the
Pinedale Anticline Project in Wyoming.*® Figure 3-2 shows examples of Eagle Ford well
pads under construction and the equipment used at those pads in Wilson and Karnes
counties

3.2.3 Emissions from Well Pad Construction

Since there can be multiple wells on one well pad, it is important to determine the number of
wells per pad in the Eagle Ford. By drilling multiple wells on a pad, the amount of
construction equipment needed to prepare the pad for each well is reduced. Although

% |bid.

1% S. Department of the Interior, Bureau of Land Management, Sept. 2008. “Final Supplemental
Environmental Impact Statement for the Pinedale Anticline Oil and Gas Exploration and Development
Project: Pinedale Anticline Project Area Supplemental Environmental Impact Statement”. Sheyenne,
Wyoming. p. F42. Available online:
http://www.blm.gov/pgdata/etc/medialib/blm/wy/information/NEPA/pfodocs/anticline/rd-

seis/tsd.Par.13395.File.dat/07appF.pdf. Accessed: 04/12/2012.
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Statoil constructs 4-8 horizontal wells at each multi- well pad in the Eagle Ford,'** Rosetta
Resources typically drills threewells/pad,'® Chesapeake Energy drills multiple wells on a
single pad'®, and Plains Exploration & Production Company (PXP) typically drills 2 wells per
pad,'® Dave Burnett of the Texas A & M University found that current practice is to drill only
1 well per pad.’® By examining the Railroad Commission’s data on wells located in the
Eagle Ford, it was determined there are an average of 1.4 wells per pad and the average
distance to the nearest town from the pad was 13 miles in 2012 (Table 3-5).1%

Table 3-4: Non-Road Pad Construction Population Counts from Aerial Imagery, 2012

= £ 3 IS g g 5 g 3 5
t% |8 2 | 8§ | § | £ | 8 | 8| 2| ¢
7} O a 5 ) O = — @x
1 McMullen 1 1 - 1 - - 2 5
2 Live Oak 1 - 1 1 - - 2 5
3 Atascosa 3 - 1 2 - - 3 9
4 Atascosa 2 - - 2 - - 2 6
5 Wilson - 1 2 - - - - 3
6 Wilson 1 - 1 1 - - 1 4
7 Gonzales 4 1 - - - 2 7
8 Karnes 2 - 1 - 1 2 6
9 Karnes - - - 1 - - 2 3
10 Karnes - - 1 1 - - 2 4
11 Karnes 4 - 1 1 - - 6
12 Dewitt 1 - - 1 3 - 1 6
13 Dewitt 1 - - 1 3 - 1 6
Average 1.5 0.2 0.5 1.0 0.5 0.1 1.5 5.4
Standard Deviation 1.4 - 0.7 0.6 1.1 - 0.6 1.7
Confidence Level 0.8 - 0.4 0.3 0.6 - 0.3 0.9

Note: Standard deviation and confidence level are only calculated if there are more than 4
pieces of equipment in the sample

191 Statoil. Oct. 10, 2010. “Statoil enters Eagle Ford”. Available online:
http://www.statoil.com/en/NewsAndMedia/News/2010/Downloads/Presentation%20Statoil%20enters
%20Eagle%20Ford.pdf. Accessed: 04/12/2012.

192 statoil. Oct. 10, 2010. “Statoil enters Eagle Ford”. Available online:
http://www.statoil.com/en/NewsAndMedia/News/2010/Downloads/Presentation%20Statoil%20enters
%20Eagle%20Ford.pdf. Accessed: 04/12/2012.

198 Chesapeake Energy, Feb. 17, 2012. “Chesapeake Energy Corporation”. presented at Greater San
Antonio Chamber of Commerce — Energy & Sustainability Committee.

194 pXp - Plains Exploration & Production Company, Nov. 15, 2011. “Plains Exploration & Production
Company - Shareholder/Analyst Call”. Available online: http://seekingalpha.com/article/310040-
PIains—exploration-production—company-shareholder-analyst—call. Accessed: 04/15/2012.

% GE Oil & Gas, Sept. 23, 2010. “Environmentally Friendly Drilling: European Workshop”.— Florence
Learning Center. Available online: http://www.efdsystems.org/Portals/25/Report%202.pdf. Accessed:
04/15/2012.

1% pata files provided by the Railroad Commission of Texas, Austin, Texas.
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Karnes County - 28.9848, -97.8863
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Table 3-5: Distance to the Nearest Town and Number of Permitted Wells per Pad and
Disposal Wells per Well Pad in the Eagle Ford by County, 2012

Average Distance Number of Number of
County FIPS Code to Nearest Town | Production Wells Disposal Wells
(miles) per Well Pad per Well Pad
Atascosa 48013 15 1.3 1.0
Bee 48025 6 1.1 1.0
Brazos 48041 8 1.1 -
Burleson 48051 5 1.0 -
DeWitt 48123 6 14 1.0
Dimmit 48127 10 1.9 1.6
Fayette 48149 N/A 1.1 1.0
Frio 48163 16 1.1 1.2
Gonzales 48177 10 1.2 1.3
Grimes 48185 7 1.0 1.0
Houston 48225 N/A 1.0 1.0
Karnes 48255 6 1.3 1.1
La Salle 48283 12 1.4 1.4
Lavaca 48285 3 1.1 -
Lee 48287 7 1.0 -
Leon 48289 5 1.1 1.0
Live Oak 48297 15 1.1 -
Madison 48313 N/A 1.1 -
McMullen 48311 9 1.3 1.0
Maverick 48323 19 1.0 -
Milam 48331 2 1.1 -
Washington 48477 N/A 1.0 -
Webb 48479 32 1.4 3.0
Wilson 48493 10 1.1 -
Zavala 48507 10 1.2 -
Average 13 14 14

N/A — Data not available from the Railroad Commission files and there are few Eagle Ford wells in
these counties. The average distance, 13 miles, was used for counties without data.

Jonah Infill's results in Wyoming™’ were used to estimate horsepower and hours to
construct each pad (Table 3-6) and emission factors from the TexN 1.6 model was used to
calculate emissions (Table 3-7). All applicable control strategies including TXLED were
included in the TexN 1.6 model runs.

197 Amnon Bar-llan, ENVIRON Corporation, June 2010. “Oil and Gas Mobile Source Emissions Pilot
Study: Background Research Report”. UNC-EMAQ (3-12)-006.v1. Novato, CA. p. 16. Available
online: http://www.wrapair2.org/documents/2010-
06y_WRAP%20P3%20Background%20Literature%20Review%20(06-06%20REV).pdf. Accessed:
04/03/2012.
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Table 3-6: Non-Road Parameters Used to calculate Pad Construction

Eq. Type Fuel Type scc Population” HP Hours* Flz;gt%cri**
Roller Diesel 2270002015 15 107** 40 0.59
Scraper Diesel 2270002018 0.5 700 40 0.59
Excavator Diesel 2270002036 0.2 2471%* 40 0.59
Grader Diesel 2270002048 1.0 250 40 0.59
Loader Diesel 2270002060 0.1 196%** 40 0.59
Tractors Diesel 2270002066 0.5 68** 40 0.21
Dozer Diesel 2270002069 15 210 40 0.59

* From aerial imagery
* from San Juan Public Lands Center, Colorado
** Existing data in the TexN model

Table 3-7: TexN 2011 Emission Factors and Parameters for Non-Road Equipment used
during Pad Construction

Eq‘#SFT;e”t scc VOC EF (g/hp-hr) NOx EF (g/hp-hr) CO EF (g/hp-hr)
Rollers 2270002015 0.436 4,123 2.492
Scrapers 2270002018 0.203 3.161 2.109
Excavators 2270002036 0.294 3.823 1.581
Graders 2270002048 0.399 3.900 1.766
Loaders 2270002060 0.267 3.129 1.486
Tractors 2270002066 1.247 5.018 6.128
Dozers 2270002069 0.204 2.076 1.017

VOC, NOy, and CO emissions from non-road equipment used for well pad construction was
calculated using the formula provided below based on data from the Railroad Commission
of Texas, local equipment population data, and engine characteristics from the San Juan
Public Lands Center study in Colorado.

Equation 3-2, Ozone season day non-road emissions for well pad construction

EPad.ABC = NUMBC X POP, X HPA X HRS X I—FA.TeXN X EFA.TexN /WPADB / 907,184.74

grams per ton / 365 days/year
Where,

Epagasc = Ozone season day NOy, VOC, or CO emissions from non-road equipment
type A used during well pad construction in county B for Eagle Ford
development type C wells (gas or oil)

NUMgc = Annual number of wells drilled in county B for Eagle Ford development type
C wells, from Table 4-1 (from Schlumberger Limited)

POP4 = Number of non-road equipment type A, from Table 3-7 (from aerial
imagery)

HPA = Average horsepower for non-road equipment type A, from Table 3-7 (from
San Juan Public Lands Center, Colorado and TexN model)

HRS = Hours per pad, 40 hours per well pad (from San Juan Public Lands Center,
Colorado)

LFA Texn = Load factor non-road equipment type A, from Table 3-7 (from TexN Model)

EFatexy = NOy, VOC, or CO emission factor non-road equipment type A, from Table

3-7 (from TexN Model)
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WPADg = Number of wells per pad for county B, from Table 3-5 (calculated from data
provided by the Railroad Commission of Texas)

Sample Equation: NOyx emissions from graders in Wilson County used to construct oil well
pads
Epagasc =35 0il wells x 1.0 x 250 hp x 40 hours x 0.59x 3.900 g of NOy/hp-hr /1.1
wells per well pad / 907,184.74 grams per ton / 365 days/year
= 0.0022 tons of NOy/ozone season day from graders in Wilson County used
to construct oil well pads, 2011

3.3 Well Pad Construction On-Road